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IMAGE FORMING APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an image forming 
apparatus using an electrophotographic system or an 
electrostatic recording system, for example, an image 
forming apparatus such as a copying machine, a printer 
or a facsimile. 
Related Background Art 

Up to now, a developing device equipped in an 
image forming apparatus of the electrophotographic 
system or the electrostatic recording system uses a 
two-component developer essentially including toner 
particles and carrier particles. In particular, in a 
color image forming apparatus that forms a full color 
or a multi-color image through the electrophotographic 
system, most of the developing devices use two- 
component developers from the viewpoint of hue, tone, 
or the like of the image. 

As well known, the toner density of the two- 
component developer, that is, a rate of the toner 
weight to the total weight of the carrier particles and 
the toner particles becomes a very important element in 
stabilization of the image quality. The toner 
particles of the developer is consumed at the time of 
development, and thereafter the toner density of the 
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developer is reduced. For that: reason, it is important 
that an automatic toner replenishing controller (ATR) 
is employed to accurately detect the toner density of 
the developer in good time, to replenish the toner in 
5 accordance with a change in the toner density, always 
to constantly control the toner density and keep the 
image quality. 

As described above, in order to correct the change 
in the toner density within the developing device due 

10 to development, that is, in order to control the toner 
amount which is replenished to the developing device, 
developer density detectors of various types which are 
disposed within the developing container have been put 
in practical use. 

15 For example, there has been employed an optical 

developer density controller, a developer density 
controller of an inductance detecting type, or the 
like, which is disposed in the vicinity of a developer 
bearing member ( hereinafter referred to as "developing 

20 sleeve" since, in general, the developing sleeve is 

frequently used ) , or a developer carrying path of the 
developing container. The optical developer density 
controller grasps the toner density and controls the 
toner amount which is replenished to the developing 

25 device by utilizing a phenomenon that a reflection 

factor of a light irradiated onto a developer carried 
on the developing sleeve or a developer within the 
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developing container is different depending on the 
toner density. The developer density controller of the 
inductance detecting type grasps the toner density 
within the developing container in accordance with a 
5 detection signal from an inductance head that detects 
an apparent magnetic permeability due to the mixture 
ratio of the magnetic carrier and the non-magnetic 
toner in the developer and converts the detection 
signal from the inductance head into an electric 
10 signal, and replenishes the toner on the basis of a 

comparison of the toner density with a reference value. 

Also, there is a system in which an image density 
of a patch formed on an image bearing member 
(hereinafter referred to as "photosensitive drum" since 
15 in general, the photosensitive drum is frequently used) 
is read by a light source disposed on a position that 
faces the surface of the image bearing member and a 
sensor that receives its reflected light, and then 
converted into a digital signal by an analog-to-digital 
20 converter, and thereafter the digital signal is 

transmitted to a CPU and then compared with an initial 
set value in the CPU. In the system, if the image 
density is higher than the initial set value, the toner 
replenishment stops until the image density returns to 
25 the initial set value whereas if the image density is 

lower than the initial set value, the toner is forcedly 
replenished until the image density is returned to the 
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initial set value, and the toner density is indirectly 
maintained to a desired value. 

Further, there is a developer density controller 
called M a video count system" in which a consumed toner 
5 amount is estimated on the basis of a video count of an 
image density signal corresponding to the image 
information of an original read by such as the CCD, and 

! 

the toner corresponding to the estimated consumed toner 
amount is replenished. 

10 However, in the system the toner density is 

detected from the reflection factor of the light 
irradiated onto the developer carried on the developing 
sleeve or the developer within the developing 
container, if the sensor is stained by toner scattering 

15 or the like, there is a case in which the toner density 
cannot be accurately grasped and detected. 

Also, in the system that indirectly controls the 
toner density from the patch image density, with the 
downsizing of the image forming apparatus, disenables a 

20 space where a patch image is formed or a space where a 
detecting means is located to be ensured. 

Further, the toner replenishment due to the video 
count system is so controlled as to be set to an 
appropriate developer density more rapidly than the two 

25 formers if more toner is consumed due to a high-density 
image since the toner replenishment amount is 
calculated every time the image forming operation is 
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conducted . 

However, in the case where there is even a slight 
difference between the consumed toner amount calculated 
on the basis of the video count and the toner 
5 replenishment amount due to a precision of the toner 
hopper that conducts the toner replenishment or the 
like, if images are formed (developed) on a large 
amount of transfer materials (paper or the like), 
because the developer density is gradually shifted from 

10 an initial appropriate developer density, it may be 
difficult to control the developer density with only 
the video count system. 

On the other hand, the above developer density 
controller of the inductance detecting system 

15 (hereinafter referred to as "inductance detecting 

system ATR" ) does not suffer from the above problem, 
and controls the toner amount which is replenished to 
the developing device on the basis of the following 
control- That is, for example, if it is detected that 

20 the apparent magnetic permeability of the developer is 
large, a rate at which the carrier particles in the 
developer is occupied in a constant volume becomes 
large, which means that the toner density becomes low. 
Therefore, the toner replenishment starts. Conversely, 

25 if the apparent magnetic permeability becomes small, 
the rate at which the carrier particles in the 
developer is occupied in the constant volume becomes 



small, which means that the toner density becomes high. 
Therefore, the toner replenishment stops. 

However, in the above-mentioned inductance 
detecting system ATR, there is a case in which the 
output from the inductance head in correspondence with 
the apparent magnetic permeability is discontinuously 
changed due to a change in a bulk density of the 
developer due to the leaving of the developer or an 
environmental variation between a time immediately 
before the operation of the image forming apparatus 
stops (for example, immediately before the main switch 
of the image forming apparatus is switched off) and a 
time immediately after the image forming apparatus 
restarts (for example, immediately after the main 
switch of the image forming apparatus is switched on). 

In other words, that the bulk density of the 
developer is changed within the developing container 
even if the toner amount in the developing container 
does not substantially change between a time 
immediately before the operation of the image forming 
apparatus stops (for example, immediately before the 
main switch of the image forming apparatus turns off) 
and a time immediately after the operation restarts 
(for example, immediately after the main switch of the 
image forming apparatus turns on), means that the 
amount of developer (carrier particles ) within the 
constant volume in the vicinity of the sensor changes 
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in the inductance detecting system ATR. As a result, 
there is a case in which the toner is replenished in 
response to an output signal from the head indicating 
that the toner has been decreased regardless of the 
5 toner amount being not substantially changed. 

In this case, there may occur a problem that the 
image density becomes high due to the excessive toner 
replenishment, a problem that the amount of developer 
increases with an increase of the toner amount to the 
10 degree that the developing container overflows with the 
developer, or a problem that the toner is scattered due 
to a deterioration of the charge amount of the toner 
with an increase in the ratio of toner in the 
developer. 

15 Also, the above problems are particularly 

remarkable in the case where a stop period of time 
after the stoppage of the image forming apparatus and 
before the re-start of the image forming apparatus is 
long, or in the case the environmental variation is 

20 large during that stop period of time. 

SUMMARY OF THE INVENTION 

The present invention has been made in order to 
solve the above problems, and therefore an object of 
25 the present invention is to provide an image forming 

apparatus which is capable of appropriately maintaining 
the amount of a developer which is replenished to a 
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developing means even if a correlation between the 
amount of developer within the developing means and 
information detected by a detecting means is largely- 
deviated. 

5 Another object of the present invention will 

become apparent by reading the following detailed 
description . 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 These and other objects and advantages of this 

invention will become more fully apparent from the 

following detailed description taken with the 

accompanying drawings in which: 

Fig. 1 is a diagram showing the entire structure 
15 of an image forming apparatus in accordance with one 

embodiment of the present invention; 

Fig. 2 is a schematic diagram showing the 

structure of a developing device equipped in the image 

forming apparatus shown in Fig. 1; 
20 Figs. 3A, 3B, 3C and 3D are waveform diagrams for 

explaining a method of counting image information 

signals in the image forming apparatus shown in Fig. 1; 
Fig. 4 is a characteristic diagram showing a state 

in which a detection signal from an inductance head is 
25 changed by a change in the toner density of a 

developer; 

Fig. 5 is a flowchart for explaining the basic 



operation of one embodiment of the present invention; 

Figs. 6A, 6B and 6C are explanatory diagrams for 
showing relationships of a bulk density of the 
developer (Fig. 6A), a sensor detection signal of the 
inductance detecting system ATR (Fig. 6B) and the T/C 
ratio of the developer (Fig. 6C) before the image 
forming operation stops and after the image forming 
operation restarts in a conventional toner replenishing 
control, with respect to an operating time; 

Fig. 7 is a structural diagram showing the outline 
of a developer that rotates a developing sleeve in a 
counter direction to a photosensitive drum rotating 
direction; and 

Figs. 8A and 8B show a relationship of the bulk 
density of the developer (Fig. 8A) and a sensor 
detection signal of the inductance detecting system ATR 
(Fig. 8B) before the image forming operation stops and 
after the image forming operation restarts using 
ferrite magnetic carriers used up to now and high- 
resistance carriers which is capable of reducing the 
triboelectricity change amount in a sixth embodiment 
with respect to an operating time. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, a description will be given in more detail of 
an image forming apparatus according to the present 
invention. 
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The image forming apparatus to which the present 
invention is applicable may be structured in such a 
manner that a latent image is formed on a 

photosensitive member or a dielectric in response to an 
5 image information signal of an original through such as 
an electrophotographic system or an electrostatic 
recording system, the latent image is developed by a 
developing device using a two-component developer 
essentially including toner particles and carrier 

10 particles to form a visible image (toner image), and 
the visible image is transferred onto a transfer 
material such as a sheet of paper and made into a 
permanent image by a fixing means- The present 
invention can be also applied to an image forming 

15 apparatus in which a latent image corresponding to 

image information transmitted from a personal computer 
or the like through a network cable is formed on the 
photosensitive member or the dielectric and then 
developed . 

20 (FIRST EMBODIMENT) 

A first embodiment of the present invention will 
be described with reference to Figs. 1, 2 and 3A to 3D. 

First, the entire structure of an image forming 
apparatus in accordance with one embodiment of the 

25 present invention will be described with reference to 
Fig. 1. This embodiment shows an example in which the 
present invention is applied to a digital copying 
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machine of the electrophotographic system, but it is 
needless to say that the present invention can be 
similarly applied to other various image forming 
apparatuses of the electrophotographic system and the 
5 electrostatic recording system. 

Referring to Fig. 1, an image of an original 31 to 
be copied is projected onto an image pickup element 33 
such as a CCD by a lens 32. The image pickup element 
33 resolves the original image into a large number of 

10 pixels and generates photoelectric conversion signals 
corresponding to the densities of the respective 
pixels. An analog image signal outputted from the 
image pickup element 33 is transmitted to an image 
signal processing circuit 34 so as to be converted into 

15 a pixel image signal having an output level 

corresponding to the density of each pixel and then 
transmitted to a pulse width modulating circuit 35. 

The pulse width modulating circuit 35 forms a 
laser driving pulse having a width (time length) 

20 corresponding to the level for each input pixel image 
signal and outputs the laser driving pulse. That is, 
as shown in Fig. 3A, a wider width driving pulse W is 
formed for a high-density pixel image signal, a 
narrower width driving pulse S is formed for a low- 

25 density pixel image signal, and a medium width driving 
pulse I is formed for a medium density pixel image 
signal , respectively . 
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The laser driving pulse outputted from the pulse 
width modulating circuit 35 is supplied to a 
semiconductor laser 36 to allow the semiconductor laser 
36 to emit a light for only a period of time 
corresponding to the pulse width. Accordingly, the 
semiconductor laser 36 is driven for the high density 
pixel for a longer period of time, and driven for the 
low density pixel for a shorter period of time. 
Therefore, the photosensitive drum 40 is exposed in a 
long range in a main scanning direction with respect to 
the high density pixel and exposed in a shorter range 
in the main scanning direction with respect to the low 
density pixel, through an optical system which will be 
described below. In other words, the dot size of an 
electrostatic latent image is different in 
correspondence with the density of the pixel. 

Accordingly, it is needless to say that the 
consumed toner amount with respect to the high density 
pixel is larger than that with respect to the low 
density pixel. In Fig. 3D, the electrostatic latent 
images of the low, medium and high density pixels are 
indicated by L, M and H, respectively. 

A laser beam 36a irradiated from the semiconductor 
laser 36 is swept by a rotary polygon mirror 37 and 
then spot- imaged on the photosensitive drum 40 by a 
stationary mirror 39 that directs the laser beam 36a 
through a lens 38 such as an f/0 lens to the 
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photosensitive drum 40 which is an image bearing 
member. Thus, the laser beam 36a scans the 
photosensitive drum 40 in a direction which is 
substantially in parallel with the its rotating axis 
5 (main scanning direction) and forms an electrostatic 

latent image. 

The photosensitive drum 40 as an image bearing 
member is an electrophotographic photosensitive drum 
that has a photoconductor such as amorphous silicon, 

10 selenium or OPC on its surface and rotates in a 

direction indicated by an arrow. The photosensitive 
drum 40 is uniformly charged by a primary charger 42 
after it has been subjected to uniform charge 
elimination by an exposing device 41. Thereafter, 

15 exposure scanning is conducted by the laser beam 36a 

which has been modulated in accordance with the above- 
described image information signal, to thereby form the 
electrostatic image corresponding to the image 
information. The electrostatic latent image is 

20 reversely developed by a developing device 44 using a 
two- component developer 43 where the toner and the 
carrier are mixed together to form a visible image 
(toner image). In this example, the reversal 
development is directed to a developing method in which 

25 toner charged with the same polarity as the latent 

image is stuck onto a region of the photosensitive drum 
40 which is exposed by a light and visualized. 
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The toner image is transferred onto a transfer 
material 48 which has been conveyed to the 
photosensitive drum 40 by a transfer material bearing 
belt 47 as a transfer rotary member, by the action of a 
5 transfer charger 49. A transfer material bearing belt 
47 is put around two rollers 45 and 46 and driven in an 
endless manner in a direction indicated by an arrow in 
the Fig. 1, to thereby convey the transfer material 48 
borne on the transfer material bearing belt 47 to the 

10 photosensitive drum 40. The transfer material 48 onto 
which the toner image has been transferred is separated 
from the transfer material bearing belt 47 and then 
conveyed to a fixing device not shown so as to be fixed 
into a permanent image. Also, the residual toner 

15 remaining on the photosensitive drum 40 after the 

transfer operation is thereafter removed by a cleaner 
50. 

For simplification of description, only a single 
image forming station ( including the photosensitive 

20 drum 40, the exposing device 41, a primary charger 42, 
the developing device 44, or the like) is shown. In 
fact, the image forming apparatus according to this 
embodiment is a color image forming apparatus having 
image forming stations for the respective colors 

25 consisting of, for example, cyan, magenta, yellow and 
black. The respective image forming stations are 
arranged on the transfer material bearing belt 47 in 
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order along the moving direction, and electrostatic 
latent images for the respective colors ( for each of 
the color components of the image) obtained by color- 
separating the original image are sequentially formed 
5 on the photosensitive drums of the respective image 

forming stations and then developed by the developing 
devices 44 using developers having the corresponding 
color toners and sequentially superimposed on each 
other and transferred onto the transfer material 48 
10 which is conveyed by the transfer material bearing belt 
47. 

An example of the above developing device 44 is 
shown in Fig. 2. As shown in Fig. 2, the developing 
device 44 according to this embodiment is arranged so 

15 as to face the photosensitive drum 40, and the interior 
of the developing device 44 is sectioned into a first 
chamber (developing chamber) 52 and a second chamber 
(agitating chamber) 53 by a partition wall 51 serving 
as a partition that extends in a vertical direction. N 

20 In the first chamber 52 are disposed a non-magnetic 
developing sleeve 54 serving as a developer bearing 
member that rotates in a direction indicated by an 
arrow, and a magnet 55 which is a magnetic field 
generating means is arranged within the developing 

25 sleeve 54 in an stationary manner. 

The developing sleeve 54 bears and carries a layer 
of a two-component developer ( including a magnetic 
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carrier and a non-magnetic toner) a thickness of which 
is regulated by a blade 56 and supplies the developer 
to the photosensitive drum 40 in a developing region 
that is opposite to the photosensitive drum 40 to 
5 reversely develop the electrostatic latent image ( in 
this embodiment, the charge polarity of the 
photosensitive drum and the charge polarity of the 
toner are negative). 

In order to improve the developing efficiency, 

10 that is, the efficiency of transferring the toner to 
the latent image, a developing bias voltage where a 
d.c. voltage is superimposed on an a.c. voltage (a 
negative voltage in this embodiment) is applied from a 
power supply 57 to the developing sleeve 54. 

15 First and second developer agitating screws 58 and 

59 which serve as developer agitating members are 
disposed within the first chamber 52 and the second 
chamber 53. The first screw 58 agitates and carries 
the developer 43 within the first chamber 52, and the 

20 second screw 59 agitates and carries a toner 63 

supplied from a toner discharge port 61 of a toner 
replenishing tank 60 (replenishing means) which will be 
described later by the rotation of a carrying screw 62 
(replenishing means) and the developer 43 which has 

25 already been stored in the developing device 44 and 
uniform the toner density. The partition wall 51 is 
formed with a developer passage (not shown) which 
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mutually communicates the first chamber 52 and the 
second chamber 53 at end portions at a front side and a 
back side in Fig. 2. The developer within the first 
chamber 52 with the toner density of which has been 
5 lowered due to the toner being consumed by development 
is moved through one passage to the second chamber 53 
by the carrying forces of the first and second screws 
58 and 59, and the developer the toner density of which 
has been recovered within the second chamber 53 is 

10 moved through another passage to the first chamber 52. 

In order to correct a change in the developer 
density within the developing device 44 which is caused 
by the development of the electrostatic latent image, 
namely, in order to control the toner amount that is 

15 replenished to the developing device 44, according to 

this embodiment, there is disposed the inductance 
detecting system ATR (first control mode), that is, a 
first developer density controller in which an 

< 

inductance head 20 is located on a bottom wall of the 
20 first chamber (developing chamber) 52 of the developing 
device 44, an actual toner density of the developer 43 
within the developing device 44, specifically within 
the first developing chamber 52, is grasped in 
accordance with an output signal from the inductance 
25 head 20, and the toner is replenished on the basis of a 
comparison of the actual toner density with a reference 
value . 
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As described above, the two -component developer 
essentially includes the magnetic carriers and the non- 
magnetic carriers, and the apparent magnetic 
permeability due to the mixture ratio of the magnetic 
5 carriers (C for short) and the non-magnetic toner (T 
for short ) changes when the toner density of the 
developer 43 ( the rate of the toner particle weight 
with respect to the total weight of the carrier 
particles and the toner particles) changes. When the 

10 apparent magnetic permeability is detected by the 

inductance head 20 and then converted into an electric 
signal, the electric signal (sensor output voltage (V)) 
is substantially linearly changed in accordance with 
the toner density ( T/C ratio (%)) as shown in Fig. 4. 

15 That is, the electric signal outputted from the 

inductance head 20 corresponds to an actual toner 
density of the two-component developer within the 
developing device 44. The electric signal outputted 
from the inductance head 20 is supplied to one input of 

20 a comparator 21 . The other input of the comparator 21 
is inputted with a reference electric signal 
corresponding to the apparent magnetic permeability of 
a regular toner density (the toner density in an 
initial set value) of the developer 43 from a reference 

25 voltage signal supply 22. Accordingly, the comparator 
21 compares the regular toner density with the actual 
toner density within the developing device 44, and a 
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detection signal of the comparator 21 as the comparison 
result of both of the input signals is supplied to a 
CPU 67 serving as a control means. 

The CPU 67 controls the operation so as to correct 
5 a subsequent toner replenishing period of time on the 
basis of the detection signal from the comparator 21. 
For example, if the actual toner density of the 
developer 43 detected by the inductance head 20 is 
smaller than the regular value, that is, if the toner 

10 is short in replenishment, the CPU 67 actuates the 

carrying screw 62 within the toner replenishing tank 60 
so as to replenish the short amount of toner to the 
developing device 44. That is, the CPU 67 calculates 
the screw rotating period of time required for 

15 replenishing the short amount of toner to the 

developing device 44 on the basis of the detection 
signal from the comparator 21, controls a motor driving 
circuit 69 (replenishing means) so as to rotationally 
drive a motor 70 for the calculated screw rotating 

20 period of time and rotates the carrying screw 62 within 
the toner replenishing tank 60 through a gear train 71, 
to thereby replenish the short amount of toner to the 
developing device 44. 

Also, if the actual toner density of the developer 

25 43 which has been detected by the inductance head 20 is 
larger than the regular value, that is, in the case the 
toner is excessively replenished, the CPU 67 calculates 
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the excessive toner amount in the developer on the 
basis of the detection signal from the comparator 21. 
Then, in the subsequent original image formation, an 
image is formed without replenishing the toner until 
5 the excessive toner amount is consumed, that is, the 

image is formed without supplying the toner so that the 
excessive toner amount is consumed, and when the 
excessive toner amount is consumed, the above-mentioned 
toner replenishing operation is conducted. 
10 Subsequently, the above operation will be further 

described with reference to a flowchart shown in Fig. 
5. 

First, when the image forming apparatus starts 
(S501), the toner density detection starts (S502). 

15 Then, a detected voltage signal "a" from the inductance 
head 20 is inputted to the comparator 21 (S503) and 
compared with a reference voltage signal "b" from a 
reference voltage signal source 22 by the comparator 21 
(S504). It is judged whether or not the detected 

20 signal difference (a-b) is larger 0 ((a-b)>0) (S506), 
and if the toner density is lower than the reference 
value (yes), a toner replenishing time is determined 
(S507). Then, copying operation starts (S508), and 
toner replenishment is conducted between an image 

25 formation and an image formation for only the toner 

replenishing time ( S509 ) , and the operation returns to 
the start. 
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Also, if the toner density is higher than the 
reference value (no) in S506, the copying operation 
starts (S510) and the operation returns to the start 
without replenishing the toner. 
5 A timing at which the toner density is detected 

may be immediately before the copying operation 
restarts or during the copying operation. For example, 
the toner density may be detected immediately before 
the copying operation restarts in the first image 
10 forming operation, and may be detected during the 
copying operation in the subsequent image forming 
operation. 

Also, in the inductance detecting system ATR used 
in this embodiment, the reference value of the 

15 detection signal in an optimum toner density (The 

optimum toner density is 6% in this embodiment. If the 
toner density is higher than that value, the toner may 
be scattered whereas if the toner density is lower than 
that value, the light image may occur.) is set to 2.5 

20 V. If the detection signal of the sensor is larger 
than the reference value (for example, 3.0 V), the 
toner is replenished, and if the detection signal of 
the sensor is smaller than the reference value ( for 
example, 2.0 V), the replenishment of the toner stops. 

25 However, the present invention is not limited to the 

above signal processing, but the circuit structure may 
be modified so that the reference value becomes a value 
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of 2.5 V or more. Also, the detection signal of the 
sensor when the toner density is lower than the optimum 
value may be set to be smaller so that the detection 
signal of the sensor may become larger when the toner 
5 density is higher than the optimum value. 

In the above-described structure, as described in 
the above description of the related art, if the image 
forming apparatus such as the copying machine or the 
printer does not operate for a certain period of time 

10 or for a certain duration, the detection signal of the 
inductance detecting system ATR of the apparent 
magnetic permeability changes due to a variation of the 
bulk density of the developer within the developing 
container even though the toner density is not 

15 substantially changed, resulting in an error of the 
toner density control. 

For example, as shown in Figs. 6A, 6B and 6C, the 
detection signal from the inductance head 20 is 2.5 V 
when the optimum toner density of the developer is 6% 

20 (see Fig. 6B), and the optimum toner density is 

maintained immediately until the operation of the image 
forming apparatus stops (see Fig. 6C ) . However, there 
is a case in which as a result that the image forming 
apparatus does not operate because the main switch of 

25 the image forming apparatus turns off or a waiting 

period of waiting for an image formation start signal 
is long (a developer leaving time in Fig. 6B ) , the bulk 
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density of the developer changes due to factors such as 
an environmental variation such as temperature or 
humidity or a change in the toner charge amount ( see 
Fig. 6A) and the detection signal when the operation of 
5 the image forming apparatus restarts may change ( see 
Fig. 6B). 

In the inductance detecting system ATR used in 
this embodiment, if the detection signal is higher than 
the initial set value (reference value: 2.5 V in this 

10 embodiment), it is judged that the rate of the carrier 
particles in the developer is high because of the 
circuit structure, that is, the toner density is low. 
As a result, the toner is excessively replenished (the 
toner oversupplying time in Fig. 6B), resulting in a 

15 problem that the toner density is out of the original 
optimum toner density and stabilized (Fig. 6C). 

Under the above circumstances, in this embodiment, 
in order to correct an error detection of the 
inductance detecting system ATR due to the leaving of 

20 the developer and maintain the toner density to a 

constant value immediately after the leaving of the 
developer, the developer density control is conducted 
by the video count system ATR as the second developer 
density controller, to thereby remove the above 

25 drawback. 

First, the video count system of the image density 
of an image information signal will be described. 
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The level of the output signal of the image signal 
processing circuit 34 shown in Fig. 1 is counted for 
each of the pixels. The count is conducted in this 
embodiment as follows: First, the output signal of the 
5 pulse width modulating circuit 35 is supplied to one 
input of an AND gate 64, and a clock pulse (a pulse 
shown in Fig. 3B ) is supplied to the other input of the 
AND gate 64 from a clock pulse generator 65. 
Accordingly, clock pulses of the number corresponding 

10 to the respective pulse widths of laser driving pulses 
S, 1 and W, that is, the clock pulses of the number 
corresponding to the densities of the respective pixels 
are outputted from the AND gate 64 as shown in Fig. 3C. 
The number of clock pulses is integrated by the counter 

15 66 for each of the pixels, and the number of video 

counts is calculated ( for example, the maximum number 
of video counts is 400 dpi and 3884 x 1000000 in 256 
gradations) in one sheet of A4 size. The pulse 
integrated signal CI (the number of video counts) for 

20 each of the images from the counter 66 corresponds to 

the toner amount consumed from the developing device 44 
for forming one toner image of the original 31. 

Therefore, the number of video counts is supplied 
to the CPU 67, and the toner is appropriately 

25 replenished to the developing device 44 from a 
conversion table indicative of a correspondence 
relationship between the number of video counts and the 
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toner replenishing time which is provided in the CPU 
67, to thereby conduct a desired developer density 
control . 

A RAM 68 is formed of a non-volatile memory into 
5 and from which various data which has been or will be 
calculated by the CPU 67 is written and read. 

The second developer density controller according 
to this embodiment applies the video count system as 
described above, and operates on the basis of the 
10 following control. 

First, as shown in Fig. 1, the detection signal 
from the inductance head 20 immediately before the 
operation of the image forming apparatus stops ( for 
example, after a final image formation has been 
15 completed and immediately before the main switch of the 
image forming apparatus turns off; before the main 
switch turns off and during the final image forming 
operation; or before the waiting state of the image 
forming apparatus ) is stored in a recording saving 
20 device 23 such as a non-volatile memory (storing 

means). Then, immediately after the operation of the 
apparatus restarts ( for example, after the main switch 
of the image forming apparatus turns on and before an 
initial image formation is conducted; after the main 
25 switch turns on and during the initial image forming 
operation; or immediately after the image formation 
start signal is inputted and the waiting state of the 
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image forming apparatus is completed and before the 
image formation is conducted on the basis of the image 
formation start signal ) , the detection signal 
immediately before the operation of the apparatus stops 
5 which is recorded in the recording saving device 23 is 
supplied to one input of a second comparator 24, and 
the detection signal is inputted to the other input of 
the second comparator 24 from the inductance head 20 
immediately after the operation of the apparatus 

10 starts, and its difference value is transmitted to a 

second CPU 25 that serves as a selecting means (control 
means). The second CPU 25 judges whether the 
subsequent developer density control is sequentially 
conducted by only the first density controller of the 

15 inductance detecting system on the basis of the above 
difference value, or whether the operation is changed 
over to the second developer density controller of the 
video count system. 

Specifically, in the case where the detection 

20 signal of the inductance detecting sensor immediately 
before the operation of the apparatus stops is 2.5 V 
and the sensor detection signal immediately after the 
operation of the apparatus restarts is 3 . 0 V or 2 . 0 V, 
it is judged that the bulk density of the developer is 

25 largely changed due to the leaving of the developer, 
and the subsequent developer density control is 
conducted through the video count system. Regarding a 
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timing at which the operation changes over to the video 
count system depending on the detection signal 
difference between before and after the leaving of the 
developer, for example, the change-over may be made 
when the detection signal is changed by ±0.15 V or more 
than the detection signal immediately before the 
operation of the apparatus stops, but the change-over 
may not be made when the detection signal difference is 
less than the above value, and its threshold value can 
be appropriately selected. 

Even if the bulk density of the developer changes 
due to the leaving of the developer by conducting the 
above control, the developer density is prevented from 
rapidly changing due to the malfunction of the 
inductance detecting sensor, thereby being capable of 
preventing the deterioration of the image quality such 
as the toner scattering or the fogged image on the 
background due to a rise in the developer density or 
the light density image due to the lowering of the 
developer density . 

In this embodiment, since the detection signal of 
the developer controller immediately before the 
operation of the image forming apparatus stops is 
stored in a non-volatile memory, even if the main power 
supply of the image forming apparatus is left in a 
switched-off state, the detection signal from the 
inductance head after the operation of the apparatus 
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restarts and the above memory value can be compared 
with each other. 

Also, in this embodiment, since the detection 
signal immediately after the operation of the image 
5 forming apparatus restarts is detected after the 

operation of the image forming apparatus restarts and 
before the image forming operation for a first transfer 
material, the judgment of the change-over to the video 
count system can be made more quickly than that in the 

10 case where the detection signal is detected during the 
image formation for the first transfer material after 
the operation of the image forming apparatus restarts, 
with the result that the deterioration of the image 
formed on the first transfer material due to the 

15 excessive toner replenishment can be prevented. 
(SECOND EMBODIMENT) 

Subsequently, a second embodiment of the present 
invention will be described. The feature of this 
embodiment resides in that the first developer density 

20 controller and the second developer density controller 
which are described in the first embodiment are 
employed together . 

The second developer density controller in this 
embodiment adopts the video count system as described 

25 above and operates on the basis of the following 
control . 

First, as shown in Fig. 1, the detection signal 
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from the inductance head 20 immediately before the 
operation of the apparatus stops is stored in the 
recording saving device 23. Then, immediately after 
the operation of the apparatus restarts, the detection 
signal immediately before the operation of the 
apparatus stops which is stored in the recording saving 
device 23 is supplied to one input of the second 
comparator 24, and the detection signal from the 
inductance head 20 immediately after the operation of 
the apparatus starts is inputted to the other input of 
the second comparator 24, and its difference value is 
transmitted to the second CPU 25. The second CPU 25 
judges whether the subsequent developer density control 
is conducted by only the first density control device 
of the inductance detecting system on the basis of the 
difference value, or by using the first density 
controller of the inductance detecting system and the 
second developer density controller of the video count 
system together. 

Specifically, in the case where the detection 
signal of the inductance detecting sensor immediately 
before the operation of the apparatus stops is 2.5 V 
and the sensor detection signal immediately after the 
operation of the apparatus restarts is 3.0 V or 2.0 V, 
it is judged that the bulk density of the developer is 
largely changed due to the leaving of the developer, 
and the subsequent developer density control is 



- 30 - 



conducted through the inductance detecting system and 
the video count system together. 

The toner replenishing control using the 
inductance detecting system ATR and the video count 
system ATR together will be described. As described 
above, in the case of the inductance detecting system 
ATR, a toner replenishing time tl (that is, replenished 
toner amount) is obtained from a difference between the 
detection signal and the reference signal. Also, in 
the case of the video count system ATR, a toner 
replenishing time t2 (that is, replenished toner 
amount) is obtained from the number of video counts. 

Accordingly, in the developer density control 
using the inductance detecting system ATR and the video 
count system ATR together, the actual toner 
replenishing time T is calculated by the following 
expression. 

T = (1-N) x tl + N x t2 (0 < N < 1 where N is a 
coefficient indicative of the rate of both the systems) 

This expression means that if N is 0, the 
developer density control is conducted by only the 
inductance detecting system ATR, whereas if N is 1, the 
developer density control is conducted by only the 
video count system ATR. If N is between 0 and 1, both 
of the inductance detecting system ATR and the video 
count system ATR are used together. 

For example, in the case where the detection 
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signal difference is 0.5 V between the detection 
signals before and after the leaving of the developer, 
if the value of N is set to 0.5, the toner replenishing 
time T becomes: 
5 T = 0.5 x tl + 0.5 x t2 

In the above example, N is set to 0.5 (N = 0.5). 
However, it is needless to say that N may be set to a 
different value, and it is possible to appropriately 
select the value of N so as to be adapted to an actual 
10 system. Also, the value of N may be changed in 

accordance with the above detection signal difference 
by the control means, thereby being capable of 
appropriately conducting the toner replenishing 
control . 

15 Through the above control, even if the bulk 

density of the developer is changed by the leaving of 
the developer, the developer density is prevented from 
being rapidly changed due to the malfunction of the 
inductance detecting sensor, thereby being capable of 

20 preventing the deterioration of the image quality such 
as the toner scattering or the fogged image on the 
background due to a rise in the developer density or 
the light density image due to the lowering the 
developer density. 

25 Also, in this embodiment, since the detection 

signal of the developer controller immediately after 
the operation of the image forming apparatus restarts 
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is detected after the operation of the image forming 
apparatus restarts and before the first image forming 
operation is conducted, the judgment of using the 
inductance detecting system and the video count system 
5 ATR together can be more quickly made than that in the 
case where the detection signal is detected during the 
first image forming operation after the operation of 
the image forming apparatus restarts, thereby being 
capable of preventing the deterioration of the image 

10 due to the excessive toner replenishment in the first 
image forming operation. 
(THIRD EMBODIMENT) 

Subsequently, a third embodiment of the present 
invention will be described below. 

15 There is a risk that when the second developer 

density controller of the above-described video count 
system conducts a large amount of image forming 
operation as described above, the developer density is 
out of an appropriate range. 

20 On the other hand, even in the case where the 

environments such as temperature or humidity are 
remarkably changed, packing occurs due to the leaving 
of developer, or the charge amount is lowered, it is 
considered that the bulk density of the developer 

25 gradually approaches the bulk density suitable for the 
environments because the bulk density is gradually 
adapted to the environments while the normal operation 
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of the image forming apparatus continues or because the 
packing of the developer is eliminated or the toner 
charge amount is recovered by agitating the toner 
within the developing container. 
5 Under the above circumstances, in this embodiment, 

control is made in such a manner that the change-over 
of the developer density control of the video count 
system to the developer density control of the 
inductance detecting system, or the using of the 

10 developer density control of the inductance detecting 
system and the developer density control of the video 
count system together, is returned to the original 
developer density control of the inductance detecting 
system after a predetermined period of time elapses, 

15 As a result, the developer density control immediately 
after the bulk density is remarkably changed due to the 
leaving of the developer as well as the subsequent 
developer density control in a state where the 
correlation relationship between the detection signal 

20 from the inductance head and the actual toner density 
substantially coincides with each other after the bulk 
density is stabilized due to a large amount of image 
forming operation, can maintain the developer density 
within the developing container at a predetermined 

25 value. 

The above predetermined period of time is 
determined on the basis of the number of image 
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formations, and the change-over to the developer 
density control of the inductance detecting system, or 
the developer density control using the developer 
density control of the inductance detecting system and 
the developer density control of the video count system 
together is returned to the developer density control 
of only the inductance detecting system after the 
images are formed on, for example, 100 sheets of 
transfer materials. As a result, the developer density 
control immediately after the bulk density is 
remarkably changed due to the leaving of the developer, 
as well as the subsequent developer density control in 
a state where the bulk density is stabilized due to a 
large amount of image forming operation can be 
controlled to a desired value. 

Also, the control may be made in such a manner 
that the value of N in the second embodiment is 
gradually reduced by the control means every time where 
image formation is conducted on the transfer materials 
of a predetermined number of sheets (every time where a 
predetermined number of times of detections are 
conducted by the inductance sensor) while a state where 
the developer density control of the inductance 
detecting system and the developer density control of 
the video count system are used together is returned to 
the developer density control by only the inductance 
detecting system. With this structure, the developer 
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density control (developer replenishing control) 
matched by the actual toner density can be conducted, 
thereby being capable of preventing the failure of the 
image formation. 
5 Also, as a modified example of the above 

predetermined period of time, since the recovery of the 
bulk density of the developer is directly related to 
the drive of the developer agitating members, that is, 
the first and second developer agitating screws 58 and 

10 59 (refer to Fig. 2), the change-over to the second 

developer density controller or the developer density 
control using two systems together is returned to the 
first developer density controller of the inductance 
detecting system after, for example, a total time of 

15 the agitating periods of the agitating members reaches 
10 minutes, with the results that the developer density 
control immediately after the bulk density is 
remarkably changed due to the leaving of the developer 
and the developer density control in a state where the 

20 bulk density is stabilized due to a large amount of 
subsequent image forming operation can control the 
developer density within the developing container to a 
desired value. 

Also, as another modified example, the video count 

25 system can be controlled. In the control method of 
this type, since the number of video counts are 
proportional to the consumed toner amount, for example, 
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in the case where the configuration and the surface 
property of the toner are changed, and the bulk density 
is changed as a result of sandwiching and pressing the 
toner among the carriers due to the leaving of the 
5 developer for a long period of time, the toner is 

consumed and newly replenished, to thereby return the 
bulk density to an initial bulk density. 

Therefore, the change-over to the second developer 
density controller or the developer density control 

10 using the two systems together is returned to the first 
developer density controller of the inductance 
detecting system after, for example, an integral value 
of the number of video counts integrated after the 
operation of the image forming apparatus restarts 

15 reaches a predetermined value, with the results that 
the developer density control immediately after the 
bulk density is remarkably changed due to the leaving 
of the developer, and the developer density control in 
a state where the bulk density is stabilized due to a 

20 large amount of subsequent image forming operation can 
control the developer density within the developing 
container to a desired value. 
(FOURTH EMBODIMENT) 

Subsequently, a fourth embodiment of the present 

25 invention will be described. 

This embodiment can obtain a larger advantage by 
appropriately combining the above-described first to 
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third embodiments, respectively. 

For example, in the case where the developer 
density control of only the video count system is 
conducted on the image formation onto the first 
5 transfer material immediately after the operation of 
the image forming apparatus restarts on the basis of 
the detection signal difference between the detection 
signals from the inductance head immediately before the 
operation of the image forming apparatus stops and 

10 immediately after the operation of the image forming 
apparatus restarts, the control may be made by the 
control means in such a manner that the developer 
density controls of the video count system and the 
inductance system are used together with respect to the 

15 image formation on the second and subsequent transfer 
materials after the operation of the image forming 
apparatus restarts. Then, the value of N in the second 
embodiment is gradually reduced every time the image 
formation onto a predetermined number of sheets of 

20 transfer materials is conducted (every time where a 
predetermined number of times of detections are 
conducted by the inductance sensor) so that the number 
of N becomes finally zero, to thereby conduct the 
developer density control of only the inductance 

25 system. 

When the developer density control of the video 
count system and the developer density control of the 
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inductance system start to be used together with 
respect to the image formation onto the second transfer 
material after the operation of the image forming 
apparatus restarts, it is preferable that the initial 
value of N is controlled by the control means in 
accordance with the above detection signal difference. 

With the above structure, even if there is a large 
difference between the detection signal from the 
inductance head immediately after the operation of the 
image forming apparatus restarts and the actual toner 
density within the developing container, the control 
can cope with this excellently. 

The toner particles used in this embodiment is a 
spherical polymer toner, and a method of manufacturing 
the toner is that monomer is obtained by adding a 
colorant and a charge control agent to the monomer of 
the polymerizing method and then suspended and 
polymerized in a water based medium, to thereby obtain 
spherical toner particles in this embodiment. This 
method is preferable when the spherical toner is 
inexpensively produced. The producing method is not 
limited to the above manner, but other methods such as 
an emulsion polymerization method may be employed if 
the spherical toner can be produced, and other 
additives may be mixed together. 

The shape factor of the spherical polymer toner 
obtained through the above method is 100 to 180 in SF-1 
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and 100 to 140 in SF-2. The SF-1 and SF-2 are defined 
as values obtained by sampling 100 toners at random by 
using FE-SEM (S-800) made by Hitachi, Ltd* , introducing 
the image information to an image analyzing device 
5 ( Luzex3 ) made by Nicolet Japan Corporation through an 
interface, analyzing the information and conducting 
calculation on the basis of the following expressions. 
SF-1 = { (MXLNG) 2 /AREA} X (ti/4) X 100 
SF-2 = {(PERI ) 2 /AREA} X (1/4tx) X 100 

10 Where MXLNG is an absolute maximum length, AREA is a 
toner projected area and PERI is a peripheral length. 

The shape factor SF-1 of the toner represents the 
degree of sphericity and becomes gradually undefined 
from the sphere if the numerical value is large. The 

15 SF-1 represents the degree of irregularity, and the 

irregularity of the surface becomes remarkable if the 
numerical value is large. 

Since as compared with the shape factor of the 
above spherical polymer toner, the shape factor of the 

20 toner manufactured by using the conventional 

pulverizing method is 180 to 220 in SF-1 and 180 to 200 
in SF-2, it is understood that the spherical polymer 
toner is close to a circle in the shape of the toner 
particles as compared with the conventional pulverized 

25 toner. The spherical polymer toner which is naturally 
close to a circle shows small change in the shape 
because factors that change the shape is little with 
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respect "to the pulverized toner. Also, the pulverized 
toner is wide in discrepancies in the configuration of 
the toner particles, and therefore also large in a 
change in the void ratio and bulk density. On the 
5 contrary, in the spherical polymer toner, as described 
above, because a change in the shape of the toner 
particles is small, a change in the bulk density is 
also small, and an error in the detection signal of the 
inductance detecting system ATR when the developer is 

10 left is also small. 

It is not particularly necessary to produce the 
above spherical polymer toner by polymer toner, but 
other methods may be applied if the spherical toner can 
be produced . 

15 (FIFTH EMBODIMENT) 

Subsequently, a fifth embodiment of the present 
invention will be described with reference to Fig. 7. 
The structural feature of this embodiment resides in 
that as shown in Fig. 7, the developing sleeve 54 that 

20 functions as a developer bearing member is rotated in a 
counter direction to a direction of rotating the 
photosensitive drum 40. That is, in this embodiment, 
the structure of the developing device is only 
different from that in the above first to fourth 

25 embodiments, and other structures are identical with 
those in the first to fourth embodiments, and the 
structures other than the developing device can be 
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applied with the structures in the first to fourth 
embodiments similarly . 

As shown in Fig. 7, in the structure where the 
developing sleeve 54 rotates in a counter direction to 
5 the direction of rotating the photosensitive member, 
the developer 43 in the developing chamber 52 is 
carried by using an S2 pole of the magnet 55 as a 
magnetic field generating means, and after the 
developer 43 is coated on the developing sleeve 54, the 

10 developer 43 coated on the developing sleeve 54 is 

regulated by a blade 56A as the developer regulating 
member, to thereby regulate the coating amount on the 
developing sleeve 54. 

For that reason, as compared with the structure 

15 where the developing sleeve 54 rotates in a forward 
direction of the photosensitive member rotating 
direction shown in Fig. 2 in which the developer 
becomes sequentially full in the vicinity of the 
regulating blade 56 of the developing blade 54, the 

20 compression of the developer by the regulating blade 

56A of the developing sleeve 54 is reduced, as a result 
of which the deterioration of the developer can be 
prevented, and a variation in the toner charge amount 
can be reduced . 

25 The above fact can reduce a change in the bulk 

density of the developer due to a change in the shape 
of the toner, or a change in the toner charge amount 
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due to the developer compression, to thereby lead to a 
reduction in the change of the bulk density due to the 
repulsion between the developers. The error in the 
sensor detection signal immediately after the operation 
5 of the device restarts can be reduced in the inductance 
detecting system ATR as compared with the conventional 
system where the developing sleeve rotates in the 
forward direction with respect to the photosensitive 
drum as in the conventional example. 

10 (SIXTH EMBODIMENT) 

Next, a sixth embodiment of the present invention 
will be described with reference to Figs. 8A and 8B. 

The feature of this embodiment resides in that a 
change in the toner charge amount is reduced by 

15 changing the material and physical property of the 

carriers in the developer in the above embodiment. The 
structure of the image forming apparatus can be applied 
with the structure of the first to fifth embodiments 
except for the structure of the carriers, likewise. 

20 Figs. 8A and 8B show a difference between the 

sensor detection signals immediately before the 
operation of the apparatus stops and immediately after 
the operation of the apparatus restarts with respect to 
a difference between the toner charge amount of the 

25 ferrite magnetic carriers used up to now and the toner 
charge amount of the high resistant carriers that can 
reduce the triboelectricity change amount in this 
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embodiment due to the leaving of the developer. 

It is understood from Figs. 8A and 8B that the 
high resistant carriers of this embodiment is small in 
a change in the toner charge amount due to the leaving 
5 of the developer as compared with the conventional 
carriers . 

The present inventors have considered causes that 
create the above differences as follows: the high 
resistant carriers in this embodiment and the f errite 

10 magnetic carriers are different in its specific 
resistance (volume resistivity), and the f errite 
magnetic carriers itself are low in the resistance, 
that is, 1 x 10 9 to 1 x 10 10 Qcm. On the contrary, 
because the high resistant carriers are high, that is, 

15 1 x 10 10 to 1 x 10 14 Q cm, it is considered that the 
charges stored in the carriers once is difficult to 
decay, and a variation in the charge of the carriers 
when the developer is left is small, as a result of 
which a change in the charge amount of stuck toner is 

20 also small. 

The high resistant carriers in this embodiment are 
produced by the polymerizing method as a resin magnetic 
carrier consisting of a binder resin, a magnetic metal 
oxide and a non-magnetic metal oxide. However, if the 

25 resistance can be adjusted by another manufacturing 
method, its carriers may be used. 

The above-described respective embodiments show 
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cases where the present invention is applied to a 
digital copying machine of the electrophotographic 
system. However, the present invention can be likewise 
applied to various copying machines such as an 
5 electrophotographic system other than the above 

embodiments or the electrostatic recording system, and 
the image forming apparatus such as a printer. For 
example, the present invention can be applied to the 
image forming apparatus that conducts the contrast 

10 expression of an image by a dither method, and can be 
also applied to not an original copy, but the image 
forming apparatus that forms the toner image in 
accordance with the image information signal outputted 
from a computer or the like. In addition, it is 

15 needless to say that the structures of the image 
forming apparatus and the control system can be 
deformed or altered as occasion demands. 

The foregoing description of the preferred 
embodiments of the invention has been presented for 

20 purposes of illustration and description. It is not 

intended to be exhaustive or to limit the invention to 
the precise form disclosed, and modifications and 
variations are possible in light of the above teachings 
or may be acquired from practice of the invention. The 

25 embodiments were chosen and described in order to 
explain the principles of the invention and its 
practical application to enable one skilled in the art 
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to utilize the invention in various embodiments and 
with various modifications as are suited to the 
particular use contemplated. It is intended that the 
scope of the invention be defined by the claims 
appended hereto, and their equivalents. 



